4

14
L
-l wadivm egte s Vet

———— -

ar

whnst @) w

[y vise T R

CONFIDENTIAL

Lffects of%mnium Mining

on Ground Water in the
Grants Mineral Belt, New Mexico:

by Robert F. Kaufmann, Gregory G. Eadie, and Charles R. Russell®
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ABSTRACT

Ground-water contamination from uranium mining
and milling results from the infiltration of minc, mill, and
ion-exchange plant efflucnts comaining elevated concentra-
tions of radium, sclenium, and nitrate. Available data
indicaic that radium concentrations in the discharge waters
of a producing minc tend to increase substantially as the
ore bady is developed. Whereas natural background radium
concentraiions are generally about several picocurics/liter
(pCiN), 100 to 150 pCifl appear in the cfflucnts of
operating mines. The dischaige of such highly contaminated
minc efflucnts to strcams and scepage from tailings ponds,
crzates a long-ived source of ground-\vntcr contamination.
Scepage of mill wailings at two active mills ranges from
126,009 to 491,000 m>/yr and, to date, has contributed an
estimatcd 2400 Curices of urtanium, radiuin, and thorium to
the gmund-waxcr reservoir. The shallow aquifer in use and
downgeadient from another mill has been grossly
contaminated with sclenium, attributable to excessive
seepage from a nearby wilings pond.

Radium, selenium, nitrate and, to a lesscr. extent,
uranium, arc of most value as indicators of ground-water -
contamination. Gross alpha resvlts are not consistent
indicators of radiwm or uranium in water, although uranium
docs appear to be the principal contributor of alpha
activity. Accurate radium-226 analysss yield the most
information (or radiclogical evaluation of drinking water.

To date, nu adverse impacts on municipal ground-
water supplies have been observed. However, industry-
sponsoged envirornental monitoring programs are
inadequaiely designed and implemented, and may not
define the full, long-ternt impact of mining and milling
operazions on the ground-water quality of the study area.

allydrogcolugisr. Health Physicise, and Geologist,
respectively, Office of Radiation Programs—Las Vegas
Facility, U.S. Environmental Protection Agency, P.O. Box
15027, las Vegas, Nevada 89514,

Discussion open until February 1, 1977,
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INTRODUCTION

At the request of the New Mexico Environ-
mental Improvement Agency (NMFEIA), Region V
of the U.S. Environmental Protection Agency
(USEPA) arranged for a water quality survey in th
Grants Mineral Belt in northwestern New Mexico.
As of 1974, this arca cuntaiued abowt 42 percent
of the U.S. reserves; and in 1975 produced 5,500
tons of uranium concentraie, or gpproximately 45
percent of U.S. production. The following mining
districts dominate the Grants Mineral Belt: Church
rock on the west, Grants-Ambrosia Lake in the
center, and Paguate-Jackpile on the cast (Figure 1)

Whercas the influence of uranium mining and
milling on surfacc-water quality and sircam biota
has been documented (Anderson et al., 1963; Sigle
et al., 1966; Tsivoglou et al., 1956, 1959, 1960;
and Wruble et al., 1964), the cffects on ground
water are rather poorly understood. With the
passage of the Safe Drinking Water Azt aad

-increased interest in the preservation of water

quality,, there is a continuing nced for reassessment
of mining and mincral-processing operations
becausc of their intimate association with ground
water. Mention of ground-water contamination in
New Mexico from uranium milling is contained in
studics by Tsivoglou and O’Connell (1962) and
Clark (1974) and sitc specific, unpublished studics
in the study arca weie conducted some years ago
by the New Mexico Department of Public Health
(1957) and by Chavez (1961).

Ground-warer and surface-water data were
collccted in February-March, 1975 by the Office
of Radiation Programs—Las ch.b Facility and the
National Enforcement Investigations (.cnt«.r.
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Fig. 1. Location of study areas in the Grants Mineral Belt.

respectively. This paper is a condensed version of
an cxtensive report submitted to Region V1
(Kau{mann et al., 1975) which, in turn, reported
the cntire study results to the State (U.S.
Environmental Protection Agency, 1975b).

GEOLOGY AND HYDROLOGY

The principal bedrock and alluvial stratigraphic
units in the Grants Mineral Belt range in age from
Pennsylvanian to Recent (Hilpert, 1963). Figure 2,
which is a gencralized geologic cross section through
the Grants and Ambrosia Lake areas, portrays
these units and the dominant structural feature
which is the Chaco slope developed on the north
flank of the Zuni uplift. Conditions in the Church-
rock arca arc essentially the same.

Due to the scarcity of perennial surface-water
bodics, ground waztcr is the principal source of
watcr in the study area. Industrial, municipal, stock,
and private domestic wells tap both bedrock and
alluvial aquifers. In general, wells of low to moder-
atc productivity are possible in the unconsolidated
valley {ill which constitutes an aquifer, primarily

along the broad valicys of the Rio San Josc and
the Rio Puerco. Numcerous shallow domestic wells
south and southwest of the United Nuclear-
Homestake Partners mill north of Milan also tap
the shallow, unconfined aquifer. The principal
"bedrock aquifers are the San Andres Limestone
and the Westwater Canyon Member of the
Morrison Formation.

GROUND-WATER QUALITY

For about the last 20 years, uranium mining
and milling activities in the Grants Mincral Belt
consisted of underground and open-pit mining and

" alkaline or acid-lcach -milling. Active tailings piles
arc present in close association with three active
mills run by the Kermac Nuclear Fuels Corparation
(Kerr-McGee), the United Nuclear-Homestake .
Partners Corporation, and the Anaconda Company.
Inactive tailings piles arc related to the now
inoperative United Nuclear-New Mexico Partners
and Phillips mills located just north of Milun and
in Ambrosia Lake, respectively. In recent years,
increasing use has been made of ion exchange
plants to recover uranium {rom mine drainage
-water and from injected fluids mtroduccx(for
solution mining.

The variety of mining and milling operations
in the study arca and the paucity of hydrogeolozic
and water quality data nccessitate that the {ollow-
ing discussion be regarded as a preliminary assess-
ment. For example, the hydraulic and water guality
effects of solution mining and dewatering of orc
bodics are scarcely known outside industry circles.
Similarly unknown is the extent of dewatering of
the ore-bearing formations, chief of which is the
Westwater Canyon Member of the Morrision
Formation. To a lesser extent, the overlying strata
such as the Dakota Formation are also affected.

In the Churchrock area, the static water level in an
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tnactive mine is declining about 0.3 meter per
month die to dewatering at the nearby United
Nuclear and Kerr-MeGee mines.

Discharge of the mine water trunsfornis nearby
dry washes and ephemeral streams (Rio Puerco,
Arroyo del Puerto, and San Mateo Creek) into
perennial ones. Water introduced to these channels
persists until the losses due to bed infiltration,
evapotranspiration, and diversion equal inflow.
Infiltration of such waters to shallow alluvial
aquifers may be adverse, depending on the quality
of infiltrating water relative to ambient water
quality in the aquifer, and the use to which shallow
ground water is or will be put.

Concentrations of sclected radionuclides, as
well as gross and trace chemical constituents, were
determined for 71 wells in the study area. The data
plus inventory information concerning well loca-
tions, static water levels, well depths, and water use
arc contained in Kaufmann et al, (1975).
Unequivocal bases for distinguishing truly back-
ground water quality conditions in an area of
uranium mineralization do not exist. Variability in
radionuclide concentrations is particularly
pronounced in areas underlain by mid to late
Mesozoic clastics. However, distinctions can be
drawn between such units and Paleozoic or early
Mesozoic strata. By comparing gross, trace, and
radiochemical parameters in conjunction with
hydrogeologic conditions and land/water use
patterns, reasonable inferences can be made
concerning natural and contaminated water
quality. Selected radiochemical data, which were
of chief concern in the ground-water portion of the
study, arc shown in Tables 1 and 2. The data are
discusscd by study area and by the principal
uranium mining/milling activities therein. Con-
centrations are shown in picocuries (pCi) per liter,
with a picocurie equal to 10™? Curies. A Curie
equals 37 X 10° disintegrations per second or
approximately the activity of one gram of radium.

Bluewater-Milen-Grants

Acidic uranium milling wastes from the
Anaconda Company tailings ponds and injection
well enter both shallow and deep ground-water
bodies in the Bluewater-Milan-Grants area. The
southeastward flow gradient in the unconfined
aquifer (Iigure 3) would cause contaminants to
move toward points of withdrawal for irrigation,
domestic, and municipal use. In the use of the
injection well, there is concern whether con-
taminants continue to remain confined to the deep
injection zone, as originaily projected.
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Fig. 3. Radium and nitrate concentrations in ground water—
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The New Mexico Department of Public Health
(1957) noted that extensive migration of nitrate
from the tailings ponds was contaminating the
shallow aquifer. West (1972) stated that excessive
leakage in the period 1953-1960 necessitated
adoption of the injection well alternative for
effluent disposal. The ponds are underlain by
highly permeable basalt flows covered in places
with a veneer of carbonate-rich silt and clay. Dirccr
contact of the tailings with the basalt and dissolu-
tion of the silt and cluy layer increase scepage.

In 1973 and 1974, the average scepage rate
was 180,000 cubic meters per ycar (m?/yr)
compared to 2n average injection rate of 348,000
m3/yr (Gray, 1975); thus, the ratio of seepage to
injection is 0.52. Using this ratio and the injection
volume {(Gray, 1975; West, 1972) total scepage
from 1960 through 1973 is estimartad to huve been
1.97 million m*. Alternarcly, if seepage is caleu-
lated as a pereentage of inflow to the ponds,
approximatcly 8 percent (174,000 m®) infilirated
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. Table 1. Radiological Data for Selected Ground-Water Samples {Concentrations, pCif)
Grants Mineral Belt, New Mexico
Lozati=a Lres
g fli~ter  Degcriots e n;...: NPt 9"'?“ EMSL - Tn.p0 Th-222 79-219
Farivtes fyegncla
1223 Lall o2 @ .+ 6 0.31 + 2 5.23 ¢ 095 0.9 €0.912 0.3 : .1
3231 %e11 P 0+ Y0 1.7 .05 “9.N16 N.n16 0.23 ¢ 1
G232 lNew Shop Well ° LB ke 3.2 .+ .ng 116 “n.0n 0.69 : .20
0232 Paquate Municipal Well 2 v 8 0.18 ¢+ .92 0.10 » .072 ©.018 <0.010 0.33 . .18
Grants--Blyewater 2rpy : . ‘
992) Injection Well 62,500 21,300 $3: 1 6t ¢« 1.4 82 000+1,2C0 Sl : 30 3,100:259
#nraconds Company . *
9101 Mt, Taylor Hill Waris g+ 1N 0.13 » .
014 2. &6 .
3103 Private tell 7+ 10 0.00 » .M
9111 € & € Concrate 7¢+ 9 0.28 ¢ . ).028 <0.012 0.55 .35
8112 Grants City Hall 19 M 0.42 + .02 6.17 + 038 8.086 » 935 0.9094 ¢« .021 0.26 + .36
8115 Frivate well 7+ 12 0.1 » .M
9114 Milan well Ro. 1 12 0 0.14 + .01 0.18 + .08} «“.0072 0,913 0.30 «.12
9117 Manitor wall 1en ¢ 40 2.6 ¢« 2.6 ¢+ .1 <3.016 «0.0097 Z2.3 2.9
Anaconda Company
9IS Hell Mo, 2 29 ¢+ 50 n.50 » .n2 9.21 + .09 0.52 - .033 0.54 + .094 LA G
Anaconda Company .
9113 well %o, & 12 1 0.20 + .01 0.18 + .09 «).03) <,019 0.26 + .19
Rnaconda Company
5120 Mezican Camp 21+ 12 0.27 « .02 0.017 “0.0953 0.66:.25
$121 Private wotl 12 18 6.3 ¢+ .1 «0.0n3 <0.093) 0.28:.17
9122 Yorth vell L 0.17 + .0 0.33 2 .12 0.038 » 624 «0.mA4 0.51:.17
9123 Engireer’'s Well ' 20° 0.26 + .01 0.35 « .1 £.033 « .026 €0.016 . 0.48 .26
9128 Private Woll % 12 0.05 « .0
9125 LDS Crurch--Blyewater g+ 10 0.22 - 01 n.91 ¢+ .18 “0.0331 “n.Mm2 «0.070
9125 Private Well 5 9 0.11 ¢« .01 0.42 - .13 0.033 + .031 <0.015 <0.19
o 9127 Private Well . 1 10 0.2) + .01 0.28 ¢ .11 «0.034 «0.029 0.3..1
Q 9123 frivate Well 1m e n 0.15 . .01
s 9129 Frivate wWell 6 ¢+ 2 0.5 - .0) 0.87 + .29 «3.018 «0.012 0.3V . .16
; United Nuclear - Honogtake Partners
9152 Private Weld 3s 12 0.19 + .01 0.22 +N .02} <0.012 1.0+ .65
2 9103 Private Well 13- W 0.08. .M 0.n43 » 029 «0.021 6.31 2 .12
. 9195  Private well 140+ 30 0.05 « .01
! . 9105  Private weli 12 N 0.05 : .01 0.15 = n27 .12 0.910 0.23 ¢ .28
! 9107 Private kel 2500 5 200 0.72: .02 | 0.78 237 0.97 .13 n.034 1 .03 1.2¢ .52
9138 Private Well &+ 0.34 « .02 5.026 : .023 6,013 !l 3.2
9103 Private Hell 9. W n.13. .M
9113 Private Uell n. 7 0.12 « .02 | -0.n72 «3.037 «,042 2.3 0>
9112 Private Nal) 4 . 18 0.26 « M 0.46 5,13
9133 Private Wall ’ we 12 0.61 « .M 0.6% » 15 9.35 » 078 0.0 0.95 « .23
2 9131 W21l 47 Unine 8. 11 n.26 « 61 0.0¢5 » 039 «0.62% 0.75 ¢ .61
; 9135  Well D WP & 2 1.92 . .04 2.8 +.30 2.13 <0.13 2.3+ 21
9135 Hell o1 Ity 22 W 0.27 « .62 )
Ahrosia Late .
9137 Private woll 3. 4 fna . 0
9111 Private well W 13 0.n5 .« 0l 0.22 + .10 0.03¢ » .025 «0.021 .55
9132 private well b 9 e.31 . .12 0,47 . 12 <0.017 <0.012 6.73 ¢ .23
= 9201 Orivate well 1M« ap 36 0 3.3 3 G.n3 - .027 «0.014 0.92 « .15
9202 County Lire Stock Tank 85 « 3 0.33 .+ .02 «n.028 «8.011 6.22 + .10
9203 havajys Windril) 13« 15 0.07 - .0} )
9202 Ingersoll Rand 8+ 13 f.ta . . 0.30 + .01 “n.015 <0.012 E 0.6Y & .21
92035 Private Well : e . a0 0.13 . .01
, 9225 Private Well 56 ¢+ 25 0.60 » 02
ith 9257 -5-12 a0 - 12 .15 « .03 0.27 ¢+ .066 0.23 ¢+ .N62 .13
9205 1M-43 £+ 35 6.0 8,7 . .40 0.021 + .019 .04 «2.9
9279 1M-43 2.0« 10 1.95 « .02 «0.028 027 0.6% ¢ .03
9219 r4-51 . 5 n.26 + .02 0.35 ¢ .12 «n.021 <. 0768 6.24 : .15
9211 mm-28 3.0 15 n.20 . 0] n7e s A7 “0.013 «.077) 2.7« .83
9212 K4-Seepage Return 112,690 3,000 49 + A LU A 160,070 1,600 170 ¢ 53 162 » 130
: 9213 KM-B.2 8+ I 6.6 2.1 6.4 « .41 0,018 <n, 011 <0,9¢
9214 ¥4-35-2 1. 33 1.1 .03 1.5 » .23 0.015 <0.018 9.70 « .25
5215 1448 08 ¢ 37 2.5 * .2 2.7 « .30 0.17 +.057 <0.016 <0.33
S215 14.47 45 .« 25 0.64 * .02 1.4 » .22 0.0/0 1.039 -0.613 0.29 = .29
9712 sM.5g 70+ 33 0.94° .03 | 6.72+ .16 0.055+.035 «0.013 1.2 .
9213 HM.5.1 2, 28 6.3 .52 | 0.4 .1 <0.02} <0.016 3.6+ 2.6
9219 ¥4-5.2 67 + &2 n.59 * .02 v.78 - 17 <«D.039 <0.03) 0.56 = .63
at3? Prisvate well 10 9 0.68 ¢ N3 .4 00 22
ct 9123 Private Well 6 8 n.64 ¢ .02 0.n8% ¢.033 <0.019 0.27 & .20
9123 Private well u. q 0.2 .M
- 913 Privyte well 6+ 10 0.1n* .0l 0.15 « 032 «1.030 <0.016 50 s 20
914} Churcheack Yillage 3. ? g.32 + .m n.26 ¢+ .10 <0.02R <1.016 0.2y ¢ .n
9142 Private Well 9+ 9 016+ .0t 0.42 + .13 0.073 ¢.035 <0,081} <0.083
9i%3 (same a1 9221) ¥ g 0.83 ¢ .M 0.38 » .12 0,032 «0.n34 g.42 ¢ .12
9229 Hardgraund Flats
velli(Rum.2 12« 1 0.2+ .0}
9221 E. Pusrco River
wall.conn ]} 17 10 0.56 ¢ .02 0.21 - 033 <0.029 “0.016 .19 16
9222 Pusren Wall CR¥M-16 P LR RN .
' 9221 Pipelirs foad
K2 ll-Cous.5 4. 9 0.7+ .67 0.037 +.029 -0.012 0.52 ¢ .15
$725 %ace figck well CRr¥.3 % 12 613 .0t 0.38 » .12 0.053 1,049 ©.03% 0.23 ¢ .0
9225 k. £, Figetine yal)
n [ K 12 15 0.2y . LS B 1 NS <p.M 0% ¢ .3
.;l’é ' Concenrrations  1wo stgma counting crror, in pCH/L Sources of amalyses: Enviconmental Monitoring and Support
- P -pn - P . . - . “qe <,
: Laboratory, USEPA: Ra-226, Th-230, 1'h-232, Po-210. National Enforcement Invest igetions Center, USFIPA: Gross alpha,
Ra-226. All analyscs are on the filtercd sample and therefore represent the concentrations actually in solution.
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Table 2. Uranium Conce!raﬁon in Selected
Ground-Water Samples' {Concentrations, pCift)?

——— e b et e e

Lnretnn
il ol iTreiRiiy u-03 U-21% 231 PI-NAT,
93 Tryrrcynm Well
Repine 2y Creprany 10,010 « 7531420  + 67 11,050 « 770]33,000
9317 Sorvece el
Aagrs-4a Company W + 2.7 30 « 53|78 .57 {9
9132 Fricate well 10+ .73 Jo.22 . .028{7.2 + .57 47
9123 Fricate uell 5.1 .31 |o.15 .08 {3.8 3 -
8135 weli 0-gre? 280 16 9.8 ¢ 1.1 {242 16 1,760
$13° Fricate well -8BV« 5.) j2.8 .23 )74 4,7 (68
Wind-il}
9212 .Seenane Return 3100 ¢ 200 1110 .« 35 [3100 » 283 |-
9214 M-¥.2 1+ .23 1031 . .052{6.8 ¢ 52 |-
8219 XM4-5-2 32+ .63 J0.271 = .0m36.7 37 3-
9122 Private Well 1.8 « .15 }0.053 ¢« .022[).4 « .14 |-
9232 Yiew Snop Well- - - - 12
Jackpile
9213 Panuate Municipal - - - 27
Sucply
9118 Well #2-Anaconds - - - 880
Comdany .
9197 Priveie Well - - - 9,478
9112 Prisate well - - - 54
913%  Well s2-UiHP - - - 27
9201 Privete Well - - - 677
914y Churchrock Village - - - 14

1. Cecacentrations @ twa sicma counting error, tn pCifl.
2. Sources of analyses: Isotopic urenvum-Environmental Monitoring Support
Lavoratory (USEPA}

Uranfum-natural by Kational Enforcenent Invest-
igations Center (USEPS), Denver, Culorado,

in 1973 and 1974 (from data supplied by Gray,
1975). Assuming 8 percent infiliration, and using
inflow data from Beck (1975), seepage from
1960-1973 is estimated to have been 1.59 million
m?>. Averaging both estimates, seepage from

1960-1973 is estimated to have been.127,000 m¥/yr.

From mill startup in 1953 through 1959, pond
inflow equaled 13.01 million m?. Assuming

8 percent scepage loss, 1.04 million m? entercd the

. shallow potable aquifer in Bluewater Valley. In

summary, total scepage for the period 1953-1973
is estimated at 2.82 million m®. Considering that
from 1960 through 1973 the volume injected was
3.7 million m3, the seepage to injection ratio was
0.76. In effect, there is almost as much water
sceping into the shallow potable aquifer as there

. is being injected, thereby casting doubt on the

A

efficiency of the tailings ponds for waste retention.
Because of excessive scepage from the tailings
ponds in the period 1953-1960, the Anaconda
Company developed an injection well for effluent
disposal. Anaconda and U.S. Geological Survey
reports (Fitch, 1959; West, 1972) showed that
geologic, hydraulic, and water quality conditions
justified this disposal method. However, subsequent
evaluation of the monitoring data and inadequacies
in the number and location of monitoring wells
necessitate that this conclusion be reconsidered.
The disposal well was drilled in the period
January-May 1959. Continuous core samples from
136 meters to total depth (765 meters) were
tested for porosiry, permeability, and ion exchange

CONFIDENTIAL

characteristics. Geophysical logs were taken for
comparison with other lithologic and rescrvoir

data. The thickness and character of the geologic
units penctrated, as well as the construction fcatures
of the well, arc summarized in Kaufmann et al,
(1975). Detailed descriptions of the geologic
formations and their transmissive properties are
available (West, 1972).

Irom 1960 to date, injection has been into
the Yeso and Abo formations at depths of 289 to
433 meters. Injection pressures of about 9 kg/cm?
are developed from gravity head alone. The
average injection rate from 1960 through 1973
was 504 I/min (0.5 m3®/min). Pretreatment of the
injected waste consists of settling, filtration, and
addition of chemicals to retard precipitation and
plugging with organics (Clark, 1974).

From January 1960 through December 1965,
1.9 million m? of wastes with the following
characteristics were injected (West, 1972):

mg/l other  pCit total Curies
chloride 2,010
nitrate 105
sodium 1,390
TDS 13.,2C0
pH 2.5
uraniwn {(patural) 7,340 13.89
Th-230 166,000 312.6
Ra-226 292 0.062

Although only intermittent data were available for
the period from 1966 through 1973, they provide
some indication of variations in the quality of water
injected and (or) seeping from the tailings ponds.
Clark (1974) reported that the mean radium
content from 1960-1969 was 221 pCi/l. In 1972
and in the first half of 1974, respective concentra-
tions of 41.1 and 156 pCi/l were observed. At the
time of the field survey in February 1975, the
average for two samples was 40 pCi/l. Thorium-230
is less variable. West (1972) reported 166,000 pCi/l
of Th-230 for 1960-1965 versus 294,000 pCi/l in
1972 and 192,000 pCi/l in 1974.

Reported urantum valucs vary from 7,340
pCi/t for 1960-1965 (West, 1972) to 21,400 pCi/l
in February 1975 (Table 2). Company data for
1972 and 1974 average 13,450 pCi/l.

Despite the volume of seepage from the
ponds, contamination is not cvident and the
conclusion reached by the New Mexico Department
of Public Health (1957) concerning the spread of a
nitrate front is not borne out. Radiun and nirate.
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concentrations in potable ground water that could
¢ affected by scepage from the tailings are
depicted in Figure 3. With the exception of the
Berryhill Section 5 well (station no. 9121) and the
Anaconda injection well (no. 9021), radium-226 in
both the alluvial/basalt aquifer and in the under-
lying San Andres Limestone ranges from 0.06 to

_ 0.42 pCi/}, and is well below the proposed

drinking water standard of 5 pCi/l (U.S. Environ-
mental Protection Agency, 1975a). If well no.
9124 is considered as a background, radium in the
alluvial aquifer decreases as a function of distance
from the tailings ponds. The elevated radium level
in well no. 9123 is possible if there is 2 local

radial flow pattern centered on the tailings ponds
and superimposed on the natural, southeastward
flow gradient. Trends for nitrate, TDS, chloride,
sulfate, and gross alpha data from the foregoing
study, from the Anaconda Company (Gray, 1975),
and from the present investigation, were plotted to
determine changes in ground-water quality with
respect to distance from the tailings ponds and
with time. Well no. 9127, completed in alluvium,
and the Mexican Camp well (no. 9120), which taps
the San Andres Limestone, show cssentially no
change in TDS, sulfate, chloride, or nitrate for the
period 1956 10 1975. The slight decline jn TDS in
well no. 9127 is contrary to what would be
expected if gross contamination was present.
However, the similarity between gross alpha and

sullate fluctuations for the Mexican Camp well
suggests that wastes may be within the area of
influence of the well.
With respect to upward leakage associated

- with the injection well, concentrations of chloride
and uranium through time arc shown in Figure 4
for two observation wells. The Monitor well,
located 91 meters northcast of the disposal well, is
191 meters decp. It fully penctrates and is open to
the San Andres Limcstone-Glorieta Sandstone
fresh-watcr aquifer. North well, 1.5 kilomcters
northwest from the disposal well, is 76 meters
deep and completed in the San Andres Limestone.
The increasing concentrations of uranium and
chloride in the Monitor well may indicate leakage
out of the injection zone. Uranium scrves as a
tracer because it is not precipitated like thorium
and radium when the carbonate reservoir strata
ncutralize the acidic waste. The concentration of
polonium-210 excecds that in all otheravells in
the Bluewater-Grants area and is well above the
average of 0.33 pCi/l for six wells tapping bedrock.

North well is fairly stable, which may reflect

the shallower completion depth and an upgradient
location. Another well {(no. 9121), located one
kilomcter to the north and completed in the Chinle

" Formation-San Andres Limestone scquence, also
shows cssentially stable THS and sultate from
1969 on and stable gross alpha from 1962 to
present.
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There are major deficiencies in the monitoring
programs associated with the Anaconda Company
waste disposal operations. These include the lack
of water quality data from the top of the zone of
saturation in close proximity to the tailings ponds
and the lack of monitoring wells completed in the
injection zone. In effect, reliance is placed on
detecting contaminants afrer they have escaped
from a restricted arca/zone.

In summury, widespread adverse water quality
effects are not apparent as a result of the Anaconda
Company disposal practices. This conclusion is
based on analyses for scven offsite wells (nos. 9118,
9119, 9124, 9125, 9126, 9127, 9129) completed in
alluvium and in bedrock and generally located
peripheral to and within 4 kilometers of the tailings
ponds. However, onsite Anaconda water-supply
wells no. 2 and no. 4, located closer to the waste
ponds, arc 69-118 meters deep and are completed
in the San Andres Limestone and possibly in the
alluvium. Both wells show slightly increasing
trends for TDS, chloride, or sulfate. Monitoring of
the waste front in the injection zone is not under-
way, yet there is evidence of leakage into overlying,
potable aquifers. Positive steps to define
contaminant {ronts associated with both the
scepage and the injection operation are
recommended.

United Nuclear-Homestake Partners {(UNHP)
Fitl and Surrounding Area

The UNHP mill is flanked on the southwest or
downgradicnt side by housing developments and
irrigated farm lands, both of which depend on local
ground-water supplies. Seepage from the pile proper
and from the encircling moat enters the ground-
water reservoir. Adjacent to the mill buildings is an
inactive tailings pile that was formerly part of the
Tomestake-New Mexico Partners mill (Figure 5).

In all likelihood, scepage from this pile also resulted
in contamination.

Three distinct aquifers are prescnt in the area
of the mill and surrounding developments. In
ascending order, these include the San Andres
Limestone, the Chinle Formation, and the altuvium.
Water-table conditions and a southwestward {low
gradient prevail in the latter, with static water levels
about 15 mcters below land surface. ‘The San Andres
Limestone originally was under artesian head, but
heavy pumping for irrization and for industry has
remmoved much of the head once present. Data
presenicd by Gordon (1961) indicate a downward
flow gr .uhnnt, bur the permeability of the Chinle
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Fig. 5. Radium, TDS, and chloride in ground water—~United
Nuclear-Homestake Partners mill area.

Formation is low, and actual vertical water transfer
is probably minimal.

Geologic and hydrologic conditions are not
suitable for land disposal of milling wastes in that
sandy soils and a relatively shallow water table are
present. Contamination of the shallow aquifer is
indicated by several chemical and radiochemical
paramcters.

The possibility of ground-water contamination
due to the United Nuclear-Ilomestake Partizrs
tailings pond was noted in the carly 1960° L.+
Chavez (1961). Samples from on-site monitoring
wells completed in the alluvium contained from
0.8 to 9.5 pCi/l radium less than two years afier
the start of milling. The normal range was 0.1 to
0.4 pCi/l in wells several miles west of the mill and
from wells in the alluvium between San Rafacl
and Grants.

Radium concentrations in ground water
(Figurc 5) from the San Andres and Chinle vange
from 0.05 to 0.27 pCi/l, with a mean of 0.16
pCi/l for six determinations. The peak value from
shallow wells tapping the water-table aguifer in the
alluvium is 1.92 pCi/l in well D, the single active
monitoring well (no. 9135). Although below the
EPA drinking water standard of 5 pCi/l, this value
doces indicate movement of contaminants away
from the tailings pond. Attcnuation due to sorption
may mask a very sharp conceniration gradient
between this well and the pond. At a distance of
approximately 0.6 kilometers {rom the ponds,
radium in the shallow aquifer reverts to fevels of
0.13 1o 0.72 pCi/l and averages 0.36 pCi/l, or about
twice that present in the bedrock reservoirs ag
depth. Relatively high concentrations (0.72, (.61

pCifly in nearby wells (nos. 9107, $133) may reflect

plumes or fronts of’ contaminants that have
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advanced ahead of the main body through highly
permeablic zones in the alluvium.

Total uranium in well D is about 500 pCi/i,
compared to 10-20 pCi/] in wells of comparable
depth but located about twice the distance down-
gradient from the mill. For comparizon, seepage
from the mill tailings pile contains 52 pCi/l
radium-226 and 101,000 pCi/l (150 mg/l) U-natural.

Elevated levels of polonium-210 are also
present in well D (no. 9135) and in other wells
(nos. 9102, 9106, 9107, and 9113) downgradient
from the mill tailings ponds. Background for
polonium-210 is approximately 0.34 pCi/l (Table 1)
in wells tapping either the Chinle Formation or
the alluvium, whereas concentrations range from

1.0 to 2.3 pCi/l in wells suspected to be contami-

nated. The highest value (2.3 + 2.1 pCi/l) for
polonium-210 was from well D.

The most significant contaminant is selenium.
As shown in Figure 6, downgradient domestic wells
contain up to 3.4 mg/l selenium or 340 times the
recommended maximum for drinking water
(National Academy of Sciences-Enginecring, 1972).
Concentrations are greatest in shallow wells and in
wells closer to the mill. Although the background
level for selenium is not fully defined, the deeper
aquifers (Chinle, San Andres) contain <0.01 mg/l,
whereas the seepage collection ditches and the
monitor well contain 0.92 and 3.5 mg/l, respec-
tively. Data collected in the course of the study
showed that selenium concentrations in ground
water throughout the Grants Mineral Belt were
generally 0.01 mg/l or less. Prominent exceptions
include the foregoing wells and scepage adjacent to
the United Nuclear-Homestake Partners mill.
Elscwherc, mine and ion exchange plant effluents
averaged 0.027 and 0.15 mg/l, respectively at the
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Fig. 6. Selenium in ground water—Umted Nuclear-Home-
stake P urtners milf area.
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time of sampling. As a result of widespread
sclenium contamination, a cooperative Stage-
industry program is underway to provide alternate

potable water supplics {or the local populace.

Ambrosia Lake Area

In the Ambrosia Lakc area, contamination of
shallow ground water results from infiltration of
(1) cffluents from the tailings ponds at the Kerr-
McGee mill, (2) minc drainage water that is
introduced to settling lagoons and natural water
courses, and (3) discharges from ion exchange
plants. Seepage from the now inactive United
Nuclear, Inc. (formerly Phillips) mill railings pile is
also undoubrtedly present in the shallow subsurface.
The ultimate effect of these waste waters on
ground-water quality is unknown, but probably of
conseguence only to the shallow, alluvial aquifer.
It is unlikely that scepage will reach the bedrock
aquifer (Westwater Canyon Member) because of
depth and due to intervening thick clay shales
between the alluvium and the aquifer.

The Kerr-McGee mill is located on the dip
slope of a southeast-facing cuesta in an arca under-
lain by a veneer of silt and clay alluvium over
Mancos Shale. A large network of tailings ponds
and water storage reservoirs was built by cxcavation
and by sclectively sorting the coarse tailings for
retention dams. Seepage from the ponds plus
discharge from mines and ion exchange plants now
causes perennial flow in the southward flowing
Arroyo del Puerto. :

Ground-water sampling in the Ambrosia Lake
area focused on the Kerr-McGee tailings disposal
operation and on the effects of various ion
exchange plant and mine water discharges on
ground water beneath San Mateo Creek and Arroyo
del Pucrto. The streams represent line sources of
recharge to the shallow ground-water reservoir. Of
the 22 wells sampled in the arca (see Figure 7), all
but 3 were part of the Kerr-McGee environmental
monitoring network. The results of other ground-
water monitoring programs, if any, associated with
mining in the area are not reported to regulatory
agencies.

Several parameters clearly indicate the
infiltration of wastewarter. Whereas shallow ground
water beneath San Mateo Creek contains about
700 mg/l TDS in the reach above Arroyo del
Puerto, the reach below has about 2000 my/l.
Ammonia increases four-fold from 0.05 10 0.22
mg/l, and nitrate plus nitrite (as N) inereases from
less than 1 mg/t co 24 mg/l. Nitrate, derived from
very high concenirations of ammonia in the mill

POL-EPA01-0001589 202
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Fig. 7. Radium concentrations in ground water—southern
part of the Ambrosia Lake area.

effluents, persists in shallow ground water. This
is particularly true for shallow wells located east
of the ponds and along San Mateo Creek, both
above and below the county linc. Selenium and
vanadium concentrations in ground water do not
markedly increase near the tailings ponds. One
exception is well KM-43 (no. 9208) which
contains 0.29 mg/l selenium as well as high
radium and TDS. A ncarby well (no. 9132) is
also crriched in selenium which further substanti-
ates the 'TDS, chloride, ammonia, and nitrate data
resuits indicating contamination of the shallow
aquifer.

The concentration of radium in ground water
in the vicinity of the tailings piles at the Kerr-McGee
mill averages 1.7 pCi/l for the 12 wells sampled. The
highest concentration, 6.6 pC/l, occurs at station
no. 9213 near'the base of the seepage catchment
basin. Although contamination is relatively local,
water in the basin, per se, contains 65 pCi/l radium.

As in the case of the Anaconda Company
tailings ponds, there is question whether the Kerr-
McGee tailings ponds arc an adequate means of
waste disposal. Company data for 1973 and 1974
reveal that seepage from the ponds averaged
491,400 m*/yr. Influcnt averaged 1.67 million
m?*/yr. Therefore, 29 percent of the wastes entered
the ground water and the balance evaporated. The
compary data indicate that the seepage rate was
fairly constant and averaged 1,348 m®/day for
1973 and 1974,

Churchrock Area
Hy drogeologic conditions in the vicinity of

CONFIDENTIAL
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the Churchrock mines basically resemble those in
Ambrosia Lake with respect to potential impacts
of mining and milling on ground water. The
potential for contamination of shallow ground-

-water resources is greatest along the channel of the
Rio Puerco. Unfortunately, wells specifically
located for monitoring are noncxistent and full
rcliance is placed on cxisting stock and water-
supply wells. Although monitoring data can detect
whether contaminated water is being put to
beneficial use, the program is markedly deficient
in delineating the extent of contamination in
aquifers not in use but likely to be recciving waste-
water.

The Puerco River at Gallup was cphemeral
until mining reached a scale such that wastewater
discharge was sufficient to cause perennial flow. At
present the combined discharge from the United
Nuclear and Kerr-McGee mines, located as shown
in Figure 8, is about 16,000 m*/day and character-
ized by 8 to 23 pCi/l radium, 700 to 4900 pCi/l
uranium, 0.01 to 0.04 mg/l sclenjum, and 0.4 10
0.8 mg/l vanadium. In terms of radium, sclenium,
and vanadium, the drainage water is unfit for
stock or potable uses and not recommended for
irrigation. Infiltration of the mine wastew2ier
represents a threat to potable ground water in the
vicinity of the Pucrco River and possibly part of
the Gallup municipal supply. At the present time,
approximately 0.046 to 0.13 Curics per ycar of
radium are discharged to the river. The radium is
sorbed onto strecam bed sediments and (or)
infiltrates to the shallow water table. Becausc
shallow ground water most commonly occurs in
valley fill deposits recharged by ephemeral streams,
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Fig. 8. Radium concentrations in ground water—Churchrock
area.
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there is a potential conflict between mine water
discharge and development of shallow supplics for
stock and domestic use. Declining water levels in
some of the deeper wells completed in the Dakota
and Morrison Formations also result from dewater-
ing of the ore bodies.

To ascertain whether noticeable ground-water
quality detcrioration has occurred to date, sampling
in the Churchrock area involved 13 wells located
along the Puerco River and South Fork Puerco
River. Essentially all of the known available wells
were sampled in the upper reach of the Rio
Puerco. For control purposes, ground water in an
adjacent watershed tributary to the Rio Puerco
was also sainpled as was a new high-capacity well
completely removed from the mining influences
and serving the Gallup area. The sampling points
included water used for stock, domestic use, and for
public drinking water supplies. Alluvial and bedrock
aquifers were sampled in an arca of 200 km?
Jocated generally east and northeast of Gallup.

At present, none of the ground-water samples
contain sufficient radionuclides to ronstitute a
health problem. The radiochemical, trace clement,
and gross chemical data do not indicate that
contamination of ground water is occurring as a
result of the mining operations underw*&y Two of
the wells (nos. 9139 and 9221) contain 119.6 and
62 mg/l nitrate, respectively. However, mine
drainage contains less than 4 mg/l and is not Lelieved
to be the source.

By comparison, the effects of mining on the
concentration of radium in ground water removed
from the mmines is marked. Discharge from the
Kerr-McGee minc averages 7.9 pCi/l as compared to
23.3 pCi/l for the United Nuclear mine. The latter is
producing ore, whereas the former is still in the
development stage and the ore bodies are not yet
well exposed. In both cases, elevated radium
concentrations are present. In large part, these are
attributable to mining operations and practices and
do not represent natural water quality, evident
from samples of ground water collected from
4 wells and 3 long holes, all in the Westwater
Canyon Member (Hiss and Kelley, 1975). Radium
varicd from 0.05 to 0.62 pCi/l compared to 0.28
to 184.8 pCi/l uranium. An additional sample
collected in November 1973 from the settling pond
discharge ar the United Nuclear mine contained
8.1 pCi/l radium and 847 pCi/l natural uranium.
Thus, initial penetration and dewatering of the ore
body increased radium ar lease 13-fold (8 + 0.62)
and \ulncuuunt minc de vdop;mnt work over a

CON FIDENTIAL -year permd resulted in another three-fold
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Fig. 9. Radium concentrations in grou'nd water—Jackpile-
Paguate area.

(23.3 + 8.1) increase. Compared to natural
concentrations, radium increased some 38 times,

If 2 wrend similar to that seen in the Ambrosia Lake
arca prevails, the ultimate radium concentrations
should approach 50 to 150 pCi/l. Initial stages of
the trend are tentatively confirmed by company,
self-monitoring data.

Jackpile-Paguate Area

Sampling in the vicinity of the Jackpile-
Paguatc open pit uranium mine included four wells
located as shown in Figure 9. One of these
(no. 9233) is the Paguate municipal supply which
is a flowing well located upgradient from the mine
and complctcd in alluvium ar a depth of 22.9
meters. The remaining three were former explora-
tion holes that were developed into suppl) wells.
Water quality for the latter three wells is probably
representative of the Jackpile Sandstone Member of
the Morrison Farmation, the principal ore body in
the Laguna mining district. With the exception of
another nearby municipal well for Paguatce, there
were no other wells available for sampling in the
area. .

Dissolved radium in water from thc Jackpile
Sandstone ..quu ranges from 0.31 w0 3.7 pCi/L
The latter value is from the new shop well which
is a source of potable and nonportable water
for the facility.
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well (na. 9231) and the new shop well (no. 9232)
arc possitly related to mining operations which
tend to increase levels of uranium and radinm in
ground water. Widespread disruption of the Jack-
pile Sandstone and overburden, combined with
leaching by ground warter, undoubtedly increase
radium and uranium concentrations. Influent
ground-water conditions characterize the arca
insofar as the water-table gradient slopes southward
and the water-level contour pattern indicates
recharge by the Rio Paguate and Rio Moquino.
Although the mine {loor is generally above the
water table, there are local areas where water is
encountercd. In the South Paguate pit, ponded
watcr derived from dewatering of the pit faces and
drainage from the angled drift mines now in
development contained 190 pCi/l radium and 170
pCi/l uranium in August of 1970. At that time,
water from the pond was being pumped into the
Rio Paguate which flows southward into Paguate
Reservair and the Rio San Jose. The absence of
downstream wells precluded assessment of the
effects of mine drainage on ground-water quality.
It is recommendcd that additional shallow well
points be installed and that sediment cores from

“XPaguate Reservoir be taken for analysis of radio-

nuclide content. These data may provide a record
of the long-term effects of mining on sediment
yield and water quality.

SIGNIFICANCE OF RADIONUCLIDES
IN GROUND WATER

Of the 71 ground-water samples collecied,
only one showed radium-226 in excess of the
5 pCi/l drinking water standard (U.S. Environmental
Protection Agency, 1975a). This location is in a
restricted area downgradient from the Kerr-McGee
tailings ponds at Ambrosia Lake. At five other
locations, the former U.S. Public Health Service
guide of 3 pCi/l radium is exceeded but quality is
within the present EPA standard of 5 pCi/l.
Furthermore, the locations are monitor wells in
restricted arcas or are irrigation or stock watering
wells. Radium concentrations in municipal supplies
in the study area ranged from 0.12 to 0.68 pCi/l and
arc well below the drinking water standard.

With respect to the use of 15 pCi/l gross alpha
as an indication of radium in excess of 5 pCi/l
(U.S. Environmental Protection Agency, 19752),
only one location would mect this criterion.
Location no. 9021 had a gross alpha activity
Gincleding uranium isotopes) of 62,500 pCi/f and a
radivm-226 content of 53 pCi/l. At 33 locations

rs

CONFIDENTIAI;XCI"““WJ no. 9021) where gross alpha act'vity
fa
f

exceeded 15 pCi/l, radium-226 contents ranged
from 0.05 to 4.9 pCi/l. ‘The two highest radium-
226 results (Jovations no. 9213 and 9121) of 6.6
and 6.3 pCi/l have corresponding gross alpha
determinations of 8 and 12 pCi/l. Furthermore,
gross alpha activity determinations have large error
terms which make data interpretation rather
difficult. For this study, the gross alpha dctermina-
tion does not appcear to have any correlation to
radium-226 content. The reason for the poor
correlation between the sum of isotopic uranium
concentration and total uranium (natural uranium)
is unknown. For ground-water samples, suspended
solids are absent or very low, thereby climinating
the importance of sample filtration.

Since uranium, thorium and polonium-210
contents fluctuate about background levels, routine
radiological monitoring of potable water supplies
might best be limited to analysis for radium-226.
The usc of gross alpha determinations for routine
surveillance of a water supply may noi necessarily
provide reliable data on which to base accurate
radiological asscssments of the supply.

Analysis of the flow and water quality data to
ascertain radionuclide release to ground water is
shown in Table 3. Approximately 2,000 1o 3,000
Curies of radioactivity have been introduced to the

subsurface by waste disposal operations at two of

the three mills now operating in the Grants Mineral
Belt. Not included in the dara is the much greater
activity in the solids fraction. Estimation of thisisa
separate problem which is currently being addressed
in another study by the Office of Radiation
Programs. Although cssentially all of the activity
released to the subsurface to date appears to be
confined to presently restricted arcas, there is an
implicit and grave assumption that the same will be

Table 3. Dissolved Radioactivity in Effiuents from the
Kerr McGee and Anaconda Company Uranium Mills

Total Concentralion Paz pctriily

¥l Ra2 ar clids ngese Flow (1) [E24 AN b .rieg
RAngcondy Fadiu=-228 secpage 2.817 123 0.352
Cuwroany (162213 ingeztion L 125 0.853
Troriuwn-230 sPepaGe 2,847 159,030 423
(=3, injection . 150,000 852
Ura-r (nat. )2 seepaze 2,817 5,590 42.3
fnjectron 3712 15,509 138,701 55 7 {3I7:
D Sere Rt seepaie 7.863 e f55)2 0.773 {9.5°9)
R ™hye1n-239 seepaye 1.86) 160,00 1,252
Uranim seepage 7.863 5,10 (o, v 978 fEET

Total 2,355 {24531

{1}. Pallien cudeg —aters, fron start of oparation tarpuih 1373
1¢)  Yolues reotrind by Srtinmal Enforcrmunt Inveitigations Center §USEPA],

for seenaje todrw tre tailtr)s ponds, analysis wis for natarsl uransr

cn 27 wpnfiltered sy-ple,
{3}. B217 Irie, years
e, vaif Tived range €os 2,88 & 107 for 5-231 1o £.51 x 107 yee=s for

1-232

18], Blteerate esti-ate Maned un ursnium and radin data From Natvi=al
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true for many hundreds of ycars to come.
Estimation of the scepage rates in Table 3

involves several basic assumptions. For the Anaconda

mill, it was assumed that seepage has the same
quality as the injected waste. The average
concentration data shown are simply reasonable
estimates based on the 1975 mcasurements and
various company doating from 1960. In the case of
Kerr-McGee, scepage for 1973 and 1974 is assumed
to be representative of past conditions as are the
1975 water quality data. Obviously seepage rates
have not been constant and secpage quality at the
toe of the main retention dam may not be typical
of area-widc conditions. Nevertheless, the calcula-
tions arc believed to provide at least an approxima-
tion of the magnitudc of radionuclide rclease.
Because of sorption, not all of the activity is
necessarily dispersed in the ground-water reservoir.
It is apparent that the largest amount of
activity consists of thorium-230. The half-lives for
the three elements shown provide some idea of the
temporal significance of the hazard presented by
uranium inining and milling wastes. As for waste
toxicity, a recent report (Midwest Rescarch
Institute, 1975) of waste generation, treatment,
and disposal in the metals mining industry stated
that “wastes produced and land-disposal by the
uranium mining indusry . . . have the highest toxic
hazardous rating of the . . . industries studied.”
Because of the extremely long period over
which such wastes are toxic, it is fundamental that
detailed ground-water monitoring data be able to

determine and predict the extent of contamination.

The stark contrast between a typical 20-year mill
lifc and an 80,000-ycar half lifc for the dominant
radionuclide (thorium-230) necessitates a much
greater forward look than is now evident in waste
disposal practices and preservation of ground-water
quality. As of 1972, some 99 X 10° metric tons of
tailings containing 60,000 Curices of radium-226
were stockpiled in the western States from Texas
to Washington.

For the period 1960-1973, waste disposal
practices of the Kerr-MeGee and Anaconda
Company mills introduced an estimated 200,000
kilograms of dissolved uranium to the subsurlace
via scepage and direct injection. Although it may
be uncconomical to eftect recovery at the historic
prices of $10 to $20/kg of yelloweake (U;04),
recent contracts for delivery over the next 5 years
mvolve prices of $88/kg (Anonymous, 1976). For
reasons of mineral conservation, if not cconomic
advantage, recovery of uranium from wastes

CONFIDENTIAL’Lmul with present and future milling

operations should perhaps be more closely
examined.

RECOMMENDATIONS

Scveral areas necessitating additional
research are apparent from this study. These include:
(a) delineating the effects on water resources of
solution, shaft and open pit mining practices and
dewatcring of ore bodies, (b) thorough reevaluation
of the injection method of waste disposal, (¢} deter-
mining the adequacy of tailings ponds as a means
of waste disposal, (d) assessment of the validity of
gross alpha as an indication of the presence of other
alpha emitters, (c) further research on the adequacy
of geologic media for the sorption and retention of
radionuclides, and (f) recover y of uranium from
mill effluents.
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